Objective: To evaluate the prevalence of Diminished Ovarian Reserve (DOR) in unexplained Recurrent Pregnancy Loss (RPL) patients.
Introduction
Spontaneous pregnancy loss is the most common complication of pregnancy with an estimated 8-20% of clinically recognized pregnancies ending in miscarriage [1] [2] [3] . The risk of miscarriage increases with age such that a woman's chance of miscarriage at age 35 increases to 20% and by age 40 reaches 40% [4] . Recurrent Pregnancy Loss (RPL) is less common, and it is estimated that only 2% of women will experience two consecutive pregnancy losses, while less than 1% of women will experience three or more consecutive pregnancy losses [5] .
The most common cause of first-trimester miscarriage is aneuploidy in the embryo [6] , and the risk of aneuploidy in miscarriages increases with a woman's age [7] . This increased risk with age is most likely secondary to a higher percentage of aneuploid pregnancies with age [8] . Similarly, women with Diminished Ovarian Reserve (DOR) have a higher percentage of aneuploid embryos [9] . Further, one study evaluating the use of In Vitro Fertilization (IVF) with pre implantation genetic or chromosomal screening showed women with DOR and RPL have a higher percentage of aneuploid embryos than expected at a younger age [10] . Despite this link the American Society for Reproductive Medicine, European Society of Human Reproduction and Embryology and American Congress of Obstetricians and Gynecologists do not currently recommend ovarian reserve testing as a part of the evaluation for RPL.
The current ASRM recommended workup for RPL includes: parental karyotype analysis, screening for antiphospholipid syndrome, uterine evaluation for anatomic abnormalities and screening for hormonal imbalances. After completion of this recommended work up, approximately 50% of patients with RPL still have no explanation for their RPL [11] .
A link between DOR, egg quality, aneuploidy, miscarriage and RPL could provide an explanation for many of these unexplained RPL patients. The objective of our study was to evaluate the prevalence of DOR in unexplained RPL patients through a prospective cohort study.
Materials and Methods
At a private, university-affiliated fertility center in Seattle, Washington a prospective cohort study was conducted. Patients included those presenting for RPL between January 1, 2011 and August 1, 2015. These patients were offered an evaluation, including both the standard ASRM recommended evaluation, and ovarian reserve testing. Institutional review board approval was obtained for the project.
Clinical miscarriage was defined as pregnancy loss before 20 weeks' gestation, diagnosed by ultrasound (gestational sac or fetal pole) or products of conception. Patient reported history and medical records were both used. RPL was defined as two or more clinical miscarriages in accordance with the ASRM definitions [12] .
The ASRM recommended workup for RPL was performed, which included testing for hormonal conditions (TSH, prolactin, HbA1c), antiphospholipid antibodies, uterine cavity defect and parental chromosomal balanced translocation. Unexplained RPL was defined as patients without any of the above listed conditions. Ovarian reserve testing included both serum Anti-Mullerian Hormone (AMH) levels and cycle day 2 or 3 serum Follicle-Stimulating Hormone (FSH) and Estradiol (E 2 ). FSH and E 2 were measured by electrochemiluminescent immunoassay. AMH was measured with an ELISA (Gen II ELISA reference A79765) [13, 14] . DOR was defined as FSH was ≥10 mIU/mL and/or their AMH level was <1 ng/mL. Antral follicle count was not used as a measure of ovarian reserve in this study given its subjective nature in measurement and previous studies showing a close correlation between antral follicle count and serum AMH [15] .
Data were analyzed using student T test and Chi square tests when appropriate and a P value of <0.05 was considered to be statistically significant.
Results and Discussion
All patients presenting to our clinic from January 1, 2011 to August 1, 2015 were screened for inclusion. A total of 264 patients had two or more clinical miscarriages and received both ASRM evaluation for RPL and ovarian reserve testing.
Of eligible patients, a cause for RPL was found in 33% of patients (N=87). Of these positive findings, 47% of patients had hormonal conditions (42% thyroid, 3% prolactin, and 2% elevated HbA1C), 26% of patients tested positive for antiphospholipid antibodies, 24% of patients had a uterine anatomic factor (15% partial septum and 9% other intracavitary lesion), 3% of patients had a balanced translocation, and 9% of patients had more than one positive finding ( Table 1) .
Clinical characteristics are provided in Table 2 , with no statistically significant difference between ages, BMI, history of aneuploid loss or prior live birth in patients with explained and unexplained pregnancy loss.
Of the 67% of patients (N=177) with unexplained RPL, a higher percentage of patients had labs consistent with DOR. A greater percentage of unexplained RPL patients had an AMH level less than 1.0 ng/ml compared to patients with a known cause of RPL (32% vs. 11%). The prevalence of DOR was increased in the unexplained RPL group compared to patients with explained RPL when DOR was defined as FSH ≥10 mIU/mL and/or AMH level was <1 ng/mL (48% vs. 29%, p=0.005).
The percentage of patients with DOR was higher in unexplained RPL patients compared to explained RPL patients across age groups but the difference was most significant in patients less than 38 years old (22% vs. 12%). In patients age 38 and older, the percentage of DOR was still higher in unexplained RPL patients compared to explained RPL patients but not significantly higher (58% vs. 51%) ( Table 3) .
While it is known that the most common cause of first-trimester miscarriage is aneuploidy in the embryo, and that women have a higher percentage of aneuploid embryos with increasing age, to our knowledge this is the first study to show that DOR, especially at younger ages, is associated with unexplained RPL.
Patients and clinicians alike find a lack of explanation for RPL challenging. Adding ovarian reserve testing to the workup of these patients would not only provide insight into the likely association of aneuploidy, DOR, and RPL for many patients, but would also help guide management and counseling early in the process. IVF with Chromosomal Screening (CS) of embryos has been proposed as a treatment option for patients with unexplained RPL [16] in the setting of the known high incidence of aneuploidy in products of conception from first-trimester miscarriage [11, 18, 19 ]. There are a number of studies which have shown known euploid embryo transfers are associated with a higher success rate and decreased risk of miscarriage for age [19] [20] [21] . Patients and providers alike can be focused on IVF with CS as a treatment option for RPL but success rates are significantly lower in patients with DOR.
Given the high costs of IVF, ovarian reserve testing in RPL patients would allow clinicians to more appropriately counsel patients considering IVF on the utility of chromosomal screening and their overall estimated chances for success. Those patients with recurrent RPL and DOR are not only less likely to respond well to IVF medications, but also less likely to have a euploid embryo for transfer. Patients with significant DOR should be counseled about the limitations of autologous IVF and consider expectant management and alternative family building options like donor egg or adoption.
The association of DOR in unexplained RPL at younger ages is of interest. RPL may be considered an early warning sign of DOR, poor egg quality, and a shorter fertility potential. Regardless of use of IVF with CS as a treatment option for couples with RPL, the knowledge of DOR early in the process will help providers counsel patients thoroughly on their options.
Limitations of our study include patient population size. Given that DOR testing is not a routine part of the workup in RPL patients; a larger patient population could not be studied. If DOR testing becomes a routine part of the workup for unexplained PRL, it will be possible to further evaluate the implications of DOR in RPL patients with respect to optimal treatment options and IVF success rates. While DOR tests certainly add to the cost of an already expensive process, it may expedite treatment and ultimately decrease time and cost spent on treatments less likely to result in a successful pregnancy. Additionally, our percentage of unexplained RPL was a bit greater than previous studies which show a rate of about 50% [11] . This again, may be due to our lower sample size, or perhaps an older patient population than previously studied. ASRM does not currently recommend ovarian reserve testing as a part of the evaluation for RPL. Our study found DOR in a significantly higher percentage of patients with unexplained RPL compared to explain RPL. This association is especially strong in patients less than 38 years old. This relationship may be explained by an associated between DOR, poor egg quality, aneuploidy, miscarriage, and RPL. Providers should consider adding ovarian reserve testing early in their evaluation of RPL patients to not only give insight into a possible cause but early guidance into treatment options. 
